WD 03/ 038816 PCT/ US02/16131 DI SC DRI VE SERVO TRACK WRI TER UTI LI ZI NG
LOVWDENSI TY GAS Rel ated Applications This application clains priority of
Uni t ed St we63/q38816i si onal application Serial Nunber 5 60/m40u$dis13entitl! ed
"Met hod and Apparatus for Contai nment and Supply of an Inert Gas for Servo
Track Witer," filed Cctober 30, 2001, and nam ng inventors Louis J.

Fi oravanti, Steve T. Sheeran and Randyl-. Oxley. Field of the Invention 10
This application relates generally to disc drive servo track witers, and
nore particularly to a servo track witer that is filled with a relatively
| ow- densi ty yg R ROCIRACWRITER PTAYANG PEWIHRIRIre cAe

I nvention 1 3 3 2

conponents of the disc drive are nounted. A top cover cooperates with the
base to forma housing that defines an internal, sealed environnment for
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to fly $%£%T8§§§%9g¥pﬁ§€§yabove the corresponding surface of the

associ ated disc during operation of the disc drive. Wen the disc drive is
powered down, the heads may be NMOYR4 bER heddidl® zone at an inner nost
region of the discs where the air earing sfrders are allowed to |and on
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Ioad/urﬂlg@égs.ranp when the drive is powered down. Disc drives typically
include a servo systemfor controlling the position of the heads 30 during
bot h seeki ng operations (noving fromone track to another) and read/wite
operations where the head nust Bckgiasidyofftheé Imwentioa circul ar track. One
type of servo systemis a dedicated WO 03/038816 PCT/ US02/ 16131 -2 servo
systsem wher eA g deive fypicadfy Jecludpsradiase logriieh Kaaus COBIPPRTHS Alhe disc fFive #n as

dedi cat lﬁgur{t&f‘cx %Op cover cooperates with the base to form a housing that defines an internal, sealed

environment for the disc drive. The components include a spindle motor, which rotates one or
more discs at a constant high speed, and an actuator assembly for writing information to and
reading information from circular tracks on the discs. The actuator assembly includes a plurality
20  of actuator arms extending towards the discs, with one or more flexures extending from each of
the actuator arms. Mounted at the distal end of each of the flexures is a read/write head, which
includes an air bearing slider enabling the head to fly in close proximity above the corresponding
surface of the associated disc during operation of the disc drive. When the disc drive is powered
down, the heads may be moved to a landing zone at an innermost region of the discs where the air
25  bearing sliders are allowed to land on the disc surface as the discs stop rotating. Alternatively,
the actuator assembly may move (unload) the heads beyond the outer circumference of the discs
so that the heads are supported away from the disc surface by a load/unload ramp when the drive
is powered down. ,
Disc drives typically include a servo system for controlling the position of the heads
30  during both seeking operations (moving from one track to another) and read/write operations

where the head must precisely follow the circular track. One type of servo system is a dedicated



The remaining disc surfaces within the drive are thus used to store data on
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surfaces during the servo writing procedure. The STW further includes a highly precise position

(b

detection system (often times incorporating a laser) for determining the position of the actuator

assembly during the servo writing procedure. The position detection system provides correction

signals to a motor within the positioning system to correct any errors in the position of the servo
25  heads during operation of the STW.

In a continuing effort to store more data onto existing or smaller-sized discs, the disc
drive industry is continually attempting to increase the capacity of each disc or platter by
increasing the track density (i.e., the number of tracks per millimeter). Increased track density
requires more closely spaced, narrow tracks and therefore enhanced accuracy in the recording of

30- servo-patterns onto the target disc surface. However, as the track density increases, it becomes
increasingly likely that errors will be encountered during the servo writing process. For example,

the servo writing head may experience resonance vibrations during operation, which alters the



-3 position of the head as the servo information is witten. Such
vibrations can lead to inaccurate servo information being witten to the
di sc surfwoe3msisedr, in turn, limts the ability of the di PCT/u0/wd3t o
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been assembled within the drive. Additionally, a key disadvantage to this solution is that it is
20  difficult to maintain desired helium concentrations within the disc drive due to the tendency of
the helium gas to escape the confines of the drive during operation of the STW.

Accordingly there is a need for an improved STW that can maintain desired
concentrations of helium or other low-density gases in a cost-effective manner. Furthermore,
there is a need for both a helium-filled STW that works with previously assembled disc drives as

25  well as a helium-filled STW that has dedicated servo heads for writing servo information to discs

prior to assembly of the discs within a disc drive. The present invention provides a solution to

this and other problems, and offers other advantages.



enbodi nent of the present invention, a nethod wites servo patterns on a
disc in a servo track witer ("STW) filled with a |owdensity gas to
reduce drwQ-o3mskseed vi brations during the servo 5 witingPpraseysi13iThe

met hod i ncludes | oading the disc within the STWand sealing the STWto
forman enclosed interior environnment. ,The sealed STWis then filled with a
| ow-density gas until the concentration of the |owdensity gas within the

STWpreferably reaches a predetegm' neg Otﬁ\éi vﬂ;l‘. STWis then activated to
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for supporting a spindle notor that rotates the disc and a servo witing
head theaVIDW i Waenthe lov-densityrgasisdn be hesyelod,dhe nurgad ses is direged from thashdy t o
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i ncl ud8sMP \Ydar3s ECo eyt tf‘th\{‘f’ r\‘_?aw' CRYHE AiOR? alf‘_ﬁlél %Fﬁg}gﬁ%d cover
furt her ppgkdule %%@&eh&teﬁﬁ‘ﬁ’e@%ﬂcgﬁt%ioﬁ'o&" &l bW AddnbRy bWYs dEREs 55 pgRent rom t he

30 source Into the interior environment of the STWprior to witing servo
patterns onWisa tHe STWasubpents asepardtodispdrive,ttbe micthod fittheriinsiudps pOVEynNgHB t o

be purged _once the servo, patterns ha bee itt 03/038816
PeT) LSO I g5 NSNSt PRR Rof g B0 oKL e IGNOPRR0E Y Det em
co %e%‘éééeﬁﬁ)g ad\en et dibCNiRAN tan S8 RAVBSBSent after purging the low-density gas from the

STW. On the other hand, when the MDW is optimized for use in a low-density gas environment,

the method includes loading the dedicated servo writing heads onto the disc surfaces after the
MDW is filled with the low-density gas, and then unloading the heads from the disc surfaces
before purging the low-density gas from the MDW.

25 Another embodiment of the present invention is a servo writing assembly that includes a
STW having a base for supporting a spindle motor that rotates the disc and a servo writing head
that writes servo patterns on the rotating disc. A cover attached to the base forms an enclosed
interior environment within the STW and includes a sealable opening for loading the disc within
the STW. The cover further includes an inflow port for directing the low-density gas from the

30  source into the interior environment of the STW prior to writing servo patterns on the disc and an

outflow port to allow the low-density gas to be purged once the servo patterns have been written



the purged | owdensity gas fromair. Wien the disc, the spindle notor and
the servo witing head are all preinstalled within a disc drive, the drive
i s insertwo oslsssugh t he seal abl e opening in the cover andPCirAsd2/wiishi n t he
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environment within the STW. The cover includes a sealable opening to allow insertion of the
disc drive within the STW. Alternatively, the STW has a plurality of dedicated servo writing
20  heads for writing servo patterns simultaneously to a plurality of discs in a disc stack and the
means for recovering the low-density gas includes a cover mating with a base to define a sealed
interior environment within the STW. The cover includes a sealable opening to allow insertion
of the disc stack within the STW.
These and various other features as well as advantages which characterize the present
25  invention will be apparent from a reading of the following detailed description and a review of

the associated drawings.

Brief Description of the Drawings

FIG. 1 is a plan view of a disc drive for use in a servo track writer incorporating a

30 preferred embodiment of the present invention.

FIG. 2 is a perspective view of a STW in accordance with a preferred embodiment of the

present invention incorporating the disc drive shown in FIG. 1.



FIG 3 is a perspective view of the STWof FIG 2 illustrating a cover for
creating a sealed environnent within the STWas well as an inflow line for
filling tWe o088 th a | owdensity gas and an outfl ow | i meTfusp2/t@spVveri ng
the lowdensity gas. FIG 4 is a schematic diagramillustrating a helium
recovery systemused in conbination 5 with the STWshown in FIG 3. FIG 5
is a flowchart of a general method of witing servo information on discs
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FIG 7 is a perspective view of the MDWof FIG 6 illustrating a cover for
creating a IdEaftdtp hemats tegrmplusiangacholimyseovgsy systen ssedip copiimgiion f or
filldng,: MY W density gas and an outflow line for recovering
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components of the disc drive 100 are mounted. A top cover 104, shown partially cut away,

20  cooperates with the base 102 to form a housing that defines an internal, sealed environment for
the disc drive in a conventional manner. The components include a spindle motor 106, which
rotates one or more discs 108 at a constant high speed. Information is written to and read from
tracks on the discs 108 through the use of an actuator assembly 110, which rotates during a seek
operation about a bearing shaft assembly 112 positioned adjacent the discs 108. The actuator

25  assembly 110 includes a plurality of actuator arms 114 which extend towards the discs 108, with
one or more flexures 116 extending from each of the actuator arms 114. Mounted at the distal
end of each of the flexures 116 is a head 118, which includes an air bearing slider enabling the
head 118 to fly in close proximity above the corresponding surface of the associated disc 108.

During a seek operation, the track position of the heads 118 is controlled through the use

30  of a voice coil motor 124, which typically includes a coil 126 attached to the actuator assembly

110, as well as one or more permanent magnets 128, which establish a magnetic field in which

the coil 126 is immersed. The controlled application of current to the coil 126 causes magnetic



WO 03/038816 PCT/US02/16131 -7 interaction between the permanent nagnets
128 and the coil 126 so that the coil 126 noves in accordance with the
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el ongat ed openi ng 140 extending over the discs 108 in a radial direction
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operation. An ad esive sticker (not shown) is used to cover the opening 140
after the cantdxuskanblefl30peovidssvige mrukitaglegiioslesancctidd iphthe fiad thy acttidter

openi ng 140 preferabIY extends over the outer dianmeter 129 of the discs
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used t ‘i’h{’h & fea %lgs{ {j]ég?n ?\;vnff $8rallet 155 &%Bnﬂﬁﬁcaﬁlgﬁ 25

The cl ocC ern IS wri %en a e Servo WI’I roceaure
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reference for the servo heads (e.g., the heads 118 of the disc drive 100)

as t hebeftanysidgeiihs dipq dieve 0. servo patterns to the discs 108. The procedure
R L T e R e
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the heads 118 as they move over the disc surface during operation of the drive 100. The opening
20  allows the STW to detect the position of the heads 118 (such as through the use of a laser) during
the servo writing operation. An adhesive sticker (not shown) is used to cover the opening 140
after the conclusion of the servo writing process. Additionally, the opening 140 preferably
extends over the outer diameter 129 of the discs 108 to provide access to a separate clock head
(not shown) that may be used to write a clock pattern to the outer diameter of the top disc 108.
25  The clock pattern is written at the start of the servo writing procedure and is later read by the
clock head (not shown) to provide a timing reference for the servo heads (e.g., the heads 118 of
the disc drive 100) as the servo heads write the servo patterns to the discs 108. The procedure for
writing a clock pattern to the disc 108 is well known in the art and thus will not be discussed

further herein as the details of both the clock writing procedure and the servo writing procedure

30 are not important to the present invention.



WO 03/038816 PCT/US02/16131 -8 Referring nowto FIGS. 2-3, a servo track
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in the d rrve ., the opening 140 in the top cover 104) for
Wi ti ng18 tevs e pxdeteahined dsstance acbsstbe diso sanfaztte amewdtdck dodatienr Paee thiet hi n

the disc drive 100. The STW20Q |y includes a.nmounting fixtuyre 202
i ngS B0geamires ) Brrions beadal MR Hephar R o ek b 458

I It i t he STW
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e e T gl
schenatdqaabd Yerv® pitkdens. 4Dnicsthpsate frabinyatipnsds eomplewly written, the disc drive 100 is
20 removed from the STW 200 and the openings formed in the disc drive 100 (e.g., the opening 140
in the top cover 104) for writing the servo patterns are closed to create a sealed interior within the
disc drive 100.
The STW 200 preferably includes a mounting fixture 202 having a granite block 204 and
a mounting plate 206 with a calibrated, level top surface 208 that serves as a mechanical
25  reference for the STW 200. A mounting base 210 includes an upper clamp plate 212 and
plurality of clips 214 for securing the disc drive 100 within the STW 200. The disc drive 100 is
preferably loaded into the STW 200 by robotic means to ensure that the drive 100 is properly
seated within the STW 200. It is preferred that the drive 100 be fixed and level within the STW
200 prior to the start of the servo writing process.

30 A pusher block assembly 220 (shown schematically in FIG. 4) is preferably positioned
below the disc drive 100 and includes a pusher pin 222 (FIG. 4) that extends upward through an



bel ow the disc drive 100 and includes a pusher pin 222 (FIG 4) that

ext ends upward through an WO 03/038816 PCT/US02/ 16131 -9 opening in the

di sc dri weOlwa®sssi®2 to contact the actuator assenbly 110. PCo/US82/14188 pusher
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preferred enbodi nent, th )
20  closed to seal the drive 100 within the covered STW 200. In one preferred embodiment, a motor
(not shown) can be used to automatically open and close the door 306 so that the door can be
used in conjunction with robotic means for automatically loading and retrieving the drive 100
from the covered STW 200. A seal 308 around the periphery of the opening 304 acts in
conjunction with the door 306 to form a substantially sealed internal environment within the
25  covered STW 200 when the door 306 is closed.

As explained in greater detail below, one of the purposes of the cover 300 is to allow for
recovery of helium (or another low-density gas) that is introduced into the disc drive 100 during
the servo writing process. Specifically, while helium gas is preferred, other low-density gases
may be used provided that the gas has a lower density than air. In a preferred embodiment, the

30  gas will have a density that is approximately 20 percent that of air. The cover 300 preferably
includes an inflow port 320 and an outflow port 322 (FIGS. 3 and 4) for respectively introducing



30 gas will have a density that is approximately 20 percent that of air.
The cover 300 preferably includes an inflow port 320 and an outfl ow port
322 (FI G3~v033asrs16l) for respectively introduci ng WO 03/ 0388T8S02/16131

PCT/ US02/ 16131 -10 heliuminto and recovering heliumfromthe interior
envi ronment of the STW200. The single outflow port 322 ensures that all
the expended heliumis directed to a hel% um gas recovery system which is
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outflow port 322 to a helium recovery system 410 so that the relatively expensive helium gas can

be separated from the air and reused. The helium recovery system 410 represents one of many

known types of gas recovery systems, and the particular design or construction of the helium

recovery system 410 is not important to the present invention. Thus, the operation of the helium
25  recovery system 410 will not be explained in any further detail.

Because the helium gas (or other low-density gas) used during the servo writing process
must meet the purity and particulate requirements of a class 10 clean room noted above, it is the
use of the cover 230 and the helium recovery system 410 that allows the disc drive and the STW
to be filled with relatively high concentrations of helium in a cost-effective manner. However,

30  the use of high helium concentrations while writing servo patterns within a disc drive 100 creates

problems of its own since the heads 118 (e.g., the air bearing sliders) are designed for operation



to be filled with relatively high concentrations of heliumin a
cost-effective manner. However, 30 the use of high heliumconcentrations
whi | e wriwpDrg/osssie/o patterns within a disc drive 100 createz/uspr/odaBens of
its own since the heads 118 (e.g., the air bearing sliders) are designed
for operation WO 03/038816 PCT/US02/ 16131 -11 within an air environnment
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pr ef er addeywialettaé BeeHio dfihedibhiérivhiis Gilldd itk a00. While a separate sensor may

be used to determ ne actual (real-tine) helium concent Lalti ons \ﬁ/lrthglhq t he
20 In the next step 506, the helium source 400 is activated to direct helium gas through the -

P

inflow port 320 where the interior conduit 404 directs the helium gas to an opening formed in the
disc drive 100. In the preferred embodiment, the conduit 404 is directly inserted within the
opening 140 (FIG. 1) in the top cover 104, although it is understood that the conduit 404 could be
inserted into any other opening formed within the disc drive. The helium gas is preferably

25  directed into the drive at a flow rate of 8 SCFH, and step 506 continues until a helium
concentration of at least 95 percent is preferably obtained within the disc drive 100. While a
separate sensor may be used to determine actual (real-time) helium concentrations within the
drive 100, it is preferable to experimentally determine the time required to reach the desired
concentration level at the prescribed flow rate.

30 As the helium concentration within the disc drive 100 continues to rise, the helium

escaping from the drive 100 tends to fill the interior of the covered STW 200 so that the air



drive 100, it is preferable to experinentally determne the tinme required
to reach the desired concentration |level at the prescribed flowrate. 30
As the heWwpuwamsssncentration within the disc drive 100 conPCRIES82/143Y i Se,
the helium escaping fromthe drive 100 tends to fill the interior of the
covered STW 200 so that the air WO 03/038816 PCT/US02/16131 -12 within the
STWis driven out the outflow port 32212 Addi ti onal | y, the evacuation of the
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disc tracks to be witten at a higher density, thereby.resulti i
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once R P e g, Teats ol ot iy 100
f 1 ow fgpstudthly filled with helium so that drag-induced vibrations are significantly reduced or
20  eliminated, the STW 200 commands the heads 118 of the disc drive to write the servo patterns to
the designated disc (dedicated servo) or discs (embedded servo). The ability to write the servo
patterns in a helium environment reduces the types of errors described above and permits the disc
tracks to be written at a higher density, thereby resulting in a greater storage capacity for the disc
drive 100.
25 In the next step 510, once the servo writing process has been completed, and while the
drive 100 is still spinning the discs 108 at their normal operating speed, the helium flow from the
source 400 is halted and the air source 402 is activated to direct a flow of air through the inflow
port 320 to purge the helium from the disc drive. As noted above, the flow of air is preferably
kept at 8 SCFH while the helium recovery system 410 preferably maintains the flow out of the

30 STW 200 at 13 SCFH so that the helium will be quickly purged and replaced by air. The mixture
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appl i gowdréd@swi ih 4 Bornab,eafeandmmack writer that works in conjunction with a
pre-assenbl ed disc drive 100 and that utilizes the a}(l:t(lljr(ilt 9o assenbleﬁ 110

and t he hedaopemgionBlaae dperd08f e coyer 300 is opened and 0'1s Temov
from the STW 200. Next, in operation 516, the helium recovered by the unit 410 is recycled and

returned to the source 400 for subsequent servo track writing operations. The method then
terminates at step 518, and the entire process repeats itself with a new disc drive at step 500.
The above description of the STW 200 and the cover 300, as well as the method described
25 in FIG. 5, applies primarily to a servo track writer that works in conjunction with a pre-assembled
disc drive 100 and that utilizes the actuator assembly 110 and the heads 118 of the disc drive 100
to write servo patterns to discs 108 that are already installed within the drive. However, the
present invention may also be used with dedicated servo track writers that write servo patterns to
a plurality of discs prior to those discs being assembled within a disc drive. This type of servo
30 track writer 600 is shown in FIG. 6 and is referred to hereafter as a multi-disc writer (“MDW?”) to

differentiate it from the more conventional STW 200 shown in FIG. 2.



to wite servo patterns to discs 108 that are already installed within the
drive. However, the present invention may al so be used with dedi cated servo
track wiweros/osdsa¢ write servo patterns to a plurality ofPCaitsoriqsi or to

t hose di scs being assenbled within a disc drive. This type of servo 30
track witer 600 is shomm in FIG 6 anq4is referred to hereafter as a
multi-disc witer ("MDW) to differentrate it fromthe nore conventi onal
STW 200 sh ' . VWD 03/038 PCT/.US02/.16131  -14 The 00 sits
upon . subsl VIRV 90 BB SSBRHE RO ST 4P 0ar e eeRO SRR Ao o

gr ani tgasitalla682. AR 1B LIHALREMBS TR YorRBdted fo G PRAGHAG0RYiA 8l at f orm 602
via a slide mnmechanism 606 for lNateral novenent (as indicated by arrow 608)

over trhechehiahf 60hiod (2erbemwesament Gassedivatedby tirony 608)sdvter e latderns602dretweerd a
di sc | oadi ng and unl.oadi n osition.as shown jn 5 FIG 6., The actuator

e Sont BTG PagLen Gio! BB ko § Bastrladiing el BricAdng bostin ANt or or s

614 f Sihi.Qn} at; r ' . |y
ohown ISP BP aRhath: Qe 04 shoiBle rB1deR 89 ol ARRRIG WP poRERPERE Y
620. Tolet Ot positiGiig apiurglitg bEsaatd yecoriing lbehdé (ot sepapitelg skowm iroFICh Bh tawsitnbl y
622 in a vertical orientation and are | oaded as _a stack 624 on a renpvable

spi ndl ETRRALEHE oo g phwalityef argst dises 64 Thedisgs $2Q aps praiesably epsyreddp 2pe

det ac | t . ' and

anl oadPis RS 18 SR B QorhER oliPhERRFadd ey RLREEES, Bpok BAEE O0% e
di scs reR@vikle 8pirdaRihuba2ded tign tHelttibsqRionat eha @ik offdides 836 embbey/dézched ot a
actuator assenbly 604 is preferably noved | at.eralgea/. al ong the platform 602
(i ¥ t roindle motordi?8de easertbrproosy of lagdimedngd walosging dhedipgst 620 tup thesspindie y 622.

A conb_(no hown,in G 6) is preferably used to 15 maintain proper
separ aqllgtgﬁhﬁéfl%}%’t]i’w@'heads at the ends of the actuator arnms 614 so that

the actuatQhcmhs L ¥26RAcdReh I0a8e b theShiele Btdr Bib ARemSBI 622! themetu@torhub
assenbly 622 may nmerge w thout unintentional contact between the heads and

t he diassemigg®04dnprefartidy awvediatarallisadenpihe plafoimi 62| (brthe direetion aflaerosed0s)

it iti t the h Pt d within th b
ad] acareat be PRl mpRE b e iS22 aneir biof SRS Tl bRteiERRE wS i
612 t On@int-Wprddet 9a gﬂgeﬁ?eﬁﬂﬁ%ﬁdé A18hd e B DB BfeldeMAtddaBEs 6 PP sihhege! t Of

the bias fortce provide | exures at the ends of each actuator arm 614.
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Howev esetweesh adjident diecsH/ 0 @ombanmt shown) is rotated away from the E-block 612 to allow
20  the heads to engage their respective discs as a result of the bias force provided by flexures at the
ends of each actuator arm 614. Of course, the servo writing heads do not make physical contact
with the respective disc surfaces since the spindle motor 628 is activated to spin the discs 620 at a
predetermined rate prior to disengaging the comb.
In previous versions of the MDW 600 shown in FIG. 6, the heads “fly” on an air bearing a
25  predetermined distance over the surface of the discs. However, as with the STW 200 shown in
FIG. 2, the MDW 600 also suffers from drag-induced vibrations due to aerodynamic drag forces
experienced by the plurality of discs 620 rotating at a predetermined high speed within the MDW
600. Previous attempts to reduce the aerodynamic drag force on the discs 620 have included the
use of an air dam 630 that can be pivoted into position about a pivot assembly 632 prior to

30  activation of the spindle motor 628. The air dam 630 defines a series of gaps for receiving each

of the discs 620, thereby stripping the air away from the surface of the disc as a portion of the
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where the MDW is first brought up to speed (and the heads loaded onto the discs 620) in an air
environment before the air is forced out of the enclosed MDW 600 by a flow of helium through
the inflow port 720. The servo writing process would then take place in a helium environment
(having a helium concentration greater than 50 percent and preferably 95-99 percent) before

25  pumping air back into the MDW to flush the helium out through the outflow port 722 to a helium
recovery system (not shown in FIG. 7). Once air has replaced the helium within the MDW 600,
the heads can be unloaded from the discs 620 and the actuator assembly 604 can be returned to
the load/unload position shown in FIG. 6.

However, the dedicated nature of the MDW 600 means that the servo writing heads need

30  not be optimized for operation in an air environment. Rather, the heads, suspensions and actuator

arms 614 of the MDW 600 may be specifically optimized for operation in a helium environment
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operation 502) to forman enclosed interior environnent. The seal ed STW
( such easodgertrod tlBO@psent invention writes servo patterns on a disc (such as 108 and 620) in a

20  servo track writer (“STW”) (such as 200 and 600) filled with a low-density gas to reduce drag-
induced vibrations during the servo writing process. The method includes loading the disc (such
as 108 and 620) within the STW (such as 200 and 600) and sealing the STW (such as in
operation 502) to form an enclosed interior environment. The sealed STW (such as 200 and 600)
is then filled with a low-density gas (such as in operation 506) until the concentration of the low-

25  density gas within the STW reaches a predetermined level. The STW is then activated (such as
in operation 508) to write servo patterns on the disc (such as 108 and 620) within the low-density
gas environment of the STW. In one preferred embodiment, the predetermined concentration of
the low-density gas is at least 50 percent.

The disc (such as 108) may be preinstalled within a disc drive (such as 100) so that the

30  loading step (such as operation 502) comprises loading the disc drive (such as 100) within the

STW (such as 200). Alternatively, the STW may comprise a multi-disc writer (“MDW?”) (such as
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20 the MDW (such as 600) with the low-density gas (such as in operation 06). Furthermore,

dedicated servo writing heads are preferably unloaded from the surfaces of the discs (such as 620)
prior to the step of purging the low-density gas (such as in operation 510) from the MDW (such
as 600).
Another embodiment of the present invention may be described as a servo writing
25  assembly for writing servo patterns on a disc (such as 108 and 620) in a low-density gas
environment. The assembly includes a servo track writer (“STW”) (such as 200 and 600) having
a base (such as 202 and 602) adapted to support a spindle motor (such as 106 and 628) for
rotating the disc (such as 108 and 620) and a servo writing head (such as 118) for writing servo
patterns on the rotating disc. A cover (such as 300 and 700) cooperating with the base (such as
30 202 énd 602) forms an enclosed interior environment within the STW (such as 200 and 600).
The cover (such as 300 and 700) includes a sealable opening (such as 304 and 704) for loading
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interior environment of the STW (such as 600).
20 Yet another embodiment of the present invention may be described as a servo writing
assembly having a servo track writer (“STW?) (such as 200 and 600) connected to a source of
low-density gas (such as 400) for filling the STW with low-density gas prior to writing servo
patterns on a disc (such as 108 and 620). The servo writing assembly includes means for
recovering the low-density gas subsequent to writing the servo patterns on the disc. The gas
25  recovery means preferably includes means (such as 402) for purging the low-density gas from the
STW (such as 200 and 600) and means (such as 410) for separating the low-density gas from air.
Tn one embodiment, the disc (such as 108) is preinstalled within a disc drive (such as 100) and the
STW (such as 200) includes a base (such as 202) for supporting the disc drive (such as 100), and
the means for recovering the low-density gas includes a cover (such as 300) mating with the base

30  (such as 202) to define a sealed interior environment within the STW (such as 200). The cover

(such as 300) includes a sealable opening (such as 304) to allow insertion of the disc drive (such



| ow-density gas (such as 400) for filling the STWwith | owdensity gas
prior to witing servo patterns on a disc (such as 108 and 620). The servo
writing aweasibssié ncl udes neans for recovering the | ow dea3iusy2/gasi
subsequent to witing the servo patterns on the disc. The gas 25 recovery
means preferably includes neans (such as 402) for purging the | owdensity
gas fromthe STW (such as 200 and 60%J and neans (such as 410) for
separating the | owdensity gas fromair. |n enmfodi t, the disc (such
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modifications, changes and alternatives are encompassed in the scope of the invention disclosed

and as defined in the appended claims.



nodi fications, changes and alternatives are enconpassed in the scope of the
i nvention disclosed and as defined in the appended clainms. WO 03/038816
PCT/ US02/Ww013403881€20 Clains WHAT IS CLAIMED IS: 5 1. A netrhodsot/168iti ng
servo patterns on a disc in a servo track witer ("STW) conprising steps
of: (a) loading the disc within the STWand sealing the STWto form an

encl osed interior environment wthin2Phe STW (b) filling the interior
environment of the STWwith a |owdensity gas until the 10 concentration
of the lowdensity gas within the STWreaches a predeterm ned | evel; and
(c) witing the servo patterns to tpg;disSC Wthin the | owdensity gas
environment of the STW 2. The neth claim1l1, wherein the disc is

prei nst al | AT IHIOLAAMEDRES:dri ve and the 15 |loading step (a) further
conprises |loading the disc drive within the STW 3. The nethod of claim 2,
further conprising steps of: (d) purging the lowdensity gas fromthe STW
once the servo i £.0: | 86, X ¥

rgsgycl i ng ? he pg‘ﬁ{ééetg(wggv-@ﬁ{e{ﬁ% F%ggg%%&h%‘e#ﬂ‘téphﬁﬁégé f;f? Gl((:ﬁgi%rrr]g%:[(\gh)er ein the
r ecyctdigrisiiefiefs®yf: further conprises directing the purged |owdensity gas

fromthe STWto a gas recovery systemto separate the, |l ow densit as from
air. 25 5. The (@t hotpagingdhadise within the RdW Wflggﬂﬁ%?‘&ﬁe?%nmt%d%s&ieri ng

up th i L 0. LK vironnent prior to the filling step (b); and
0 Dl b oy &g

pOWET 1 0 Ve in an air environnment subsequent to the
30 purging step(d) . filNDgAB¢ DRERLEnACHMISO3f the BIW withla Bw-Thmsityrgbduadil die
claim1l1, wherein the STWis a nulti-disc witer ("MW) I;ﬁ\/i ?g
10  concentration of the low-density gas within the STW reaches a predetermined level;and
(c) writing the servo patterns to the disc within the low-density gas

environment of the STW.

2. The method of claim 1, wherein the disc is preinstalled within a disc drive and the

15 loading step (a) further comprises loading the disc drive within the STW.

3. The method of claim 2, further comprising steps of:
(d)  purging the low-density gas from the STW once the servo patterns have
been written to the disc; and

20 (e) recycling the purged low-density gas.

4. The method of claim 3, wherein the recycling step (¢) further comprises directing
the purged low-density gas from the STW to a gas recovery system to separate the low-density
gas from air.

25

5. The method of claim 4, further comprising steps of:

@ powering up the disc drive in an air environment prior to ;che filling step
(b); and
(g) powering down the disc drive in an air environment subsequent to the

30  purging step (d).



a plurality of dedicated servo witing heads, and wherein the | oading step
(a) further conprises |loading a stack of discs within the MDW 5 7. The
met hod ofwoloaiosaste wherein the MDWi ncl udes a cover havi ngcarusopesnisng f or
| oadi ng the stack of discs in the MDW and wherein the cover includes a
door for sealing the MW 8. The nethod of claim7, further conprising
steps of: 10 (d) purging the | ow dens“?]t'y gas fromthe STWonce the servo

patterns have been wjtten to the .disc; d (e)..recycl.ng. )

| ow densi toy gag.he@?e_ﬂ??fleo%éﬁlﬂb %herﬁpéhlqﬁ%\?’n%gl}lﬁfl}ﬁi% 1{%?)1/\?:3 mlﬁé@gg (e)
furt *Ledlm%ﬁgpc(f R&arfl 5&5b Wﬂing%a&{' EnPWheSHh th%adﬁ@%tép/(a? Agther esthjrives MOW t 0
a gas ‘recovery systemto separate the lowdensity gas fromair. 10. The
met hadadifig & btackoisdswithietheddM¥i si ng steps of: (f) rotating the disc stack

and | oadi ng the dedi cated servo witing heads onto 20 corresponding
surfaces of the discs within the disc stack subsequent to the filling step

(B); and £9) uil.adh8bof denflE A EALAMMSHIDYY MeihddsiboverRsvild aroddiimgdur faces
of the disc¢s prior o e purging step (d). _
loading the stack of discs in the MDW, and wherein the cover includes a door for sealing the

MDW.

8. The method of claim 7, further comprising steps of:
10 (d) purging the low-density gas from the STW once the servo patterns have
been written to the disc; and

(e) recycling the purged low-density gas.

9. The method of claim 8, wherein the recycling step () further comprises directing
15  the purged low-density gas from the MDW to a gas recovery system to separate the low-density

gas from air.

10.  The method of claim 9, further comprising steps of:

® rotating the disc stack and loading the dedicated servo writing heads onto

20  corresponding surfaces of the discs within the disc stack subsequent to the filling step (b); and

(2 unloading the dedicated servo writing heads from the surfaces of the discs

prior to the purging step (d).



